1. Introduction
===============

Hepatitis B virus (HBV)-related acute-on-chronic liver failure (AoCLF) accounts for most cases of liver failure in China. AoCLF features acute deterioration of liver function over a period of 2 to 4 weeks in patients whose liver functions were well-compensated despite chronic liver disease. This failure is usually induced by a precipitating event, such as variceal bleeding, infection, surgical procedures, or hepatotoxic drugs, and it is associated with progressive jaundice, coagulopathy, and hepatic encephalopathy (HE).^\[[@R1]\]^ HBV-AoCLF is associated with a mortality rate that ranges from 32% to 68%, which mainly occurs in the first 3 months after diagnosis.^\[[@R2],[@R3]\]^ Therefore, new potential biomarkers that could promptly and accurately predict the outcome and inspire appropriate medical decision-making could reduce the complications and improve patient survival.

The albumin-bilirubin (ALBI) score, by combining the serum albumin and bilirubin, is a new model for assessing the severity of liver dysfunction. Recently, Johnson and colleagues reported that the ALBI score more accurately predicts patients' mortality without requiring subjective determinants of liver failure, including ascites and encephalopathy, in patients with hepatocellular carcinoma ^\[[@R4]\]^. A retrospective study also investigated the prognostic significance of the ALBI score among patients with primary biliary cirrhosis.^\[[@R5]\]^ The authors found that the ALBI score seems to be superior to other scores (such Child--Pugh and MELD score) for predicting the occurrence of hepatic events in such patients. Furthermore, Chen et al^\[[@R6]\]^ demonstrated that ALBI score had a significantly better performance for long-term survival prediction in patients with HBV-related cirrhosis than the Child--Pugh or MELD scores. However, to the best of our knowledge, there are no studies on the ALBI score in HBV-related AoCLF patients. We hypothesized that ALBI is potentially associated with clinical outcomes in AoCLF patients. Based on this background, we investigated the relationship between the ALBI score and AoCLF and then evaluated the prognostic value of ALBI in HBV-AoCLF patients.

2. Materials and methods
========================

2.1. Patients
-------------

One hundred and forty patients, including 56 chronic hepatitis B (CHB) and 84 AoCLF patients, were enrolled from the Department of Infectious Diseases, the First Affiliated Hospital of Zhejiang University College of Medicine from August 1, 2014 to August 1, 2016. None of the patients had prior liver or other organ transplantation. All patients received standard medical therapy during hospitalization for primary prevention of spontaneous bacterial peritonitis according to the guidelines,^\[[@R3]\]^ including absolute resting, intravenous infusion of albumin and plasma, and nutritional and energy supplements. Forty-eight age- and sex-matched individuals were selected as healthy controls (HCs), who presented for their annual physical examinations and required no medical attention. The diagnoses of HBV-related CHB and AoCLF were performed according to the guidelines and recommendations of the Asian Pacific Association for the Study of the Liver.^\[[@R3]\]^ Briefly, CHB patients were defined as positive for hepatitis B surface antigen (HBsAg) for at least 6 months prior to this study and abnormal alanine aminotransferase (ALT) levels (\>40 U/L) without evidence of cirrhosis or hepatocellular carcinoma. The diagnostic standard for HBV-related AoCLF mainly includes a history of CHB or liver cirrhosis with serum HBsAg positivity for more than 6 months, jaundice (serum bilirubin ≥10 mg/dL), and coagulopathy (international normalized ratio \[INR\] ≥1.5), which is quickly complicated by ascites and/or encephalopathy. Patients who meet the following criteria were excluded: acute hepatitis; current hepatitis virus (A, C, D, and E) or human immunodeficiency virus (HIV) infection, or other chronic liver diseases related to alcohol, drugs, or autoimmune diseases; malignancies, such as HCC; and pregnancy. During follow-up, all patients received nucleotide/nucleoside analogue antiviral treatment with entecavir, telbivudine, lamivudine, or lamivudine combined with adefovir dipivoxil, which could prevent disease progression and would not affect the short-term prognosis for patients in the current study.^\[[@R7],[@R8]\]^ All patients were followed up for 3 months or longer to assess the 3-month mortality.

The study was performed in accordance with the Declaration of Helsinki, and the procedures were approved by the ethics committee of the First Affiliated Hospital of Zhejiang University College of Medicine. Oral informed consent was obtained from each study participant prior to enrolment.

2.2. Laboratory analysis
------------------------

After a fasting period of 12 hours, a peripheral venous blood sample was collected from all patients within the first 24 hours after admission. Biochemical indicators, such as serum albumin, total protein, total bilirubin, creatinine, and ALT, were determined using a Hitachi 7600 Clinical Analyzer (Hitachi, Tokyo, Japan), and the INR was analyzed using the coagulation method with a Sysmex CS-2000i Analyzer (Sysmex, Kobe, Japan). At baseline, for each patient, demographic and clinical data, including the age; sex; and complications of ascites, variceal bleeding, hepatorenal syndrome (HRS), or HE and clinical course, were obtained from the medical files and recorded in a specified liver disease document. In addition, the model for end-stage liver disease (MELD) score, Child--Pugh score, ALBI score, and serological indexes (HBsAg, HBeAg, anti-HBc, and HBV DNA levels) were collected at baseline.

2.3. Calculation of scores
--------------------------

The Child--Pugh score was calculated from 5 variables, including bilirubin, albumin, prothrombin, ascites status, and degree of encephalopathy.^\[[@R9]\]^

MELD score = 3.78 × Ln(TBiL μmol**/**L) + 11.2 × Ln(INR) + 9.57 × Ln(creatinine mg**/**dL) + 6.4.^\[[@R10]\]^

ALBI score = −0.085 × (albumin g/L) + 0.66 × l g(TBil μmol/L).^\[[@R4]\]^

2.4. Statistical analysis
-------------------------

Statistical analysis was performed by SPSS software version 12.0 (SPSS Inc., Chicago, IL). Continuous variables were expressed as the mean ± standard deviation (SD) or medians (range), and categorical data were expressed as percentages. Differences in variables were analyzed using a one-way ANOVA and Student *t* tests or the Kruskal--Wallis and Mann--Whitney *U* tests. Categorical data were evaluated by the *χ*^2^-test or Fisher exact test, as appropriate. The correlation between two variables was assessed using the Spearman rank correlation test. The diagnostic accuracy of prognostic variables was examined by receiver operating characteristic (ROC) analysis. Logistic regression analysis was employed to demonstrate the independent predictors for the 3-month mortality rate of patients with AoCLF. A two-tailed *P* \< .05 was considered statistically significant.

3. Results
==========

3.1. Baseline characteristics
-----------------------------

One hundred and forty patients, including patients with CHB (n = 56), patients with AoCLF (n = 84), and 48 HCs, were enrolled in the current study. The ages in the study cohort ranged from 20 to 67 years with a mean of 45.3 years. The age and sex were well balanced among the 3 study groups. This study showed that the ALBI score in AoCLF patients was significantly higher than in HCs and CHB patients (both *P* \< .001), and CHB patients had a higher ALBI score than HCs (*P* \< .001) (Fig. [1](#F1){ref-type="fig"}). Significant positive correlations between the ALBI score and both the Child--Pugh score (*r* = .576, *P* \< .001) and MELD score (*r* = .254, *P* = .020) were detected in AoCLF patients (Fig. [2](#F2){ref-type="fig"}). The baseline characteristics of all participants are listed in Table [1](#T1){ref-type="table"}.
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###### 

Baseline demographic and clinical characteristics of the study participants.
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3.2. Comparison of ALBI score between non-surviving and surviving patients with HBV-related AoCLF
-------------------------------------------------------------------------------------------------

HBV-related AoCLF patients were divided into non-surviving (n = 41) and surviving groups (n = 43). The clinical and laboratory characteristics of these patients are listed in Table [2](#T2){ref-type="table"}. The non-surviving patients had a higher MELD score, ALBI score, total bilirubin, Child--Pugh score, and INR compared with those in surviving patients. However, a much lower albumin was observed in the non-surviving group compared with that in the surviving patients. No significant differences in the total protein, ALT, sex, or age were detected.

###### 

Comparison of clinical characteristics between non-surviving and surviving patients with acute-on-chronic liver failure at admission.
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3.3. Increased ALBI score as a predictor of prognosis in HBV-AoCLF patients
---------------------------------------------------------------------------

The follow-up of HBV-AoCLF patients lasted for 3 months to at least evaluate the short-term mortality. The median follow-up period was 64 days (range: 22--109 days). Forty-one patients died due to upper gastrointestinal bleeding (n = 22), HE (n = 15), or HRS (n = 4). Univariate logistic regression analysis showed that a high MELD score, Child--Pugh score, and ALBI score were independent risk factors for the 3-month mortality in AoCLF patients. Multivariate logistic regression analysis identified both the MELD and ALBI scores as related to this mortality (Table [3](#T3){ref-type="table"}). ROC curves were established to evaluate the relative efficiencies of the ALBI and MELD scores for predicting the 3-month mortality (Fig. [3](#F3){ref-type="fig"}). The areas under the curve (AUC) values were 0.837 ± 0.043 for the MELD score and 0.784 ± 0.049 for the ALBI score (both *P* \< .001). The cut-off values, sensitivity and specificity of the MELD, were 22.7%, 68.3%, and 88.4% and the ALBI score values were −0.95%, 65.9%, and 81.4%, respectively. When the ALBI and MELD scores were combined; the AUC was 0.912 ± 0.054 (*P* \< .001), which is higher than the AUC of the MELD score (*P* = .020), and the specificity (76.7%) and sensitivity (90.9%) were improved.

###### 

Risk factors associated with 3-month mortality, as analyzed by Cox proportional hazards analysis.
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4. Discussion
=============

It is well known that there are several scoring systems available to evaluate the severity of liver dysfunction and predict the prognosis of patients with liver disease, such as the MELD and Child--Pugh scores. The Child--Pugh score contains five parameters, including the total bilirubin, serum albumin, prothrombin time, ascites, and hepatic encephalopathy. However, the highly subjective evaluation of ascites and encephalopathy might reduce the accuracy of assessment.^\[[@R11]\]^ The MELD score incorporates 3 laboratory variables, TBil, INR, and creatinine, and it eliminates the subjective factors.^\[[@R12]\]^ The MELD score was widely used as a scoring system for organ allocation in liver transplantation and is the current standard prognostic tool for assessing the 3- to 6-month survival in patients with liver failure.^\[[@R13]\]^ The ALBI score only involves 2 common laboratory parameters, albumin and total bilirubin, and it has been used in patients with HCC for assessing the severity of liver dysfunction.^\[[@R4]\]^ Our study shows that patients with HBV-related AoCLF have significantly higher ALBI scores compared with CHB and HCs. Moreover, the ALBI score was higher for non-survivors than survivors, and it was positively correlated with the MELD and Child--Pugh scores in AoCLF patients. Furthermore, the ALBI score may be used for predicting AoCLF patient mortality, although the prediction power of the ALBI score was relatively lower than that of the MELD score. This result differs from the data from Chen\'s group,^\[[@R6]\]^ and they showed that the ALBI score was effective in predicting the long-term prognosis for patients with HBV-related cirrhosis. Additionally, it was more accurate than Child--Pugh and MELD scores, and this difference may largely reflect differences in stages of liver diseases for patients recruited between studies. However, only 2 components are used to formulate the ALBI score, which is simpler and easier to calculate than the MELD and Child--Pugh scores. Moreover, the combination of the ALBI and MELD scores provided better prediction of the 3-month mortality than that of the MELD score alone (*P* = .020).

The underlying mechanisms enable the ALBI score to indicate that possible outcomes in AoCLF patients are not well established. Several biochemical markers can reveal both liver function and the extent of liver injury. The ALBI score uses the bilirubin and albumin levels to reflect insufficient liver function and new liver damage. The usefulness of the ALBI score has been validated in several studies associated with HCC patients in different tumor stages.^\[[@R14]--[@R17]\]^ A previous study found that high levels of bilirubin can predict short-term mortality (1-week) in AoCLF patients.^\[[@R18]\]^ Additionally, albumin is produced by the liver, and the decreased albumin indicates there is dysfunction of liver synthesis and a higher risk of cirrhosis ascites. We found that a higher ALBI score in AoCLF patients was primarily the result of a decreased serum albumin and increased bilirubin compared with those in CHB patients and HCs. Furthermore, a much lower albumin and higher bilirubin appeared in the non-surviving group compared with the surviving patients. Therefore, high bilirubin levels combined with low albumin levels may be used to predict the severity and progression of liver injury in AoCLF patients.

Our study has several limitations. First, the present study was a single center investigation in China, and the sample size was relatively small. The findings need to be confirmed in large multi-center, prospective studies. Second, the ALBI scores were not dynamically measured. Therefore, whether the ALBI score is step-wise elevated based on the progressive deterioration of liver function remains unclear.

5. Conclusion
=============

The results from the present study show that the ALBI score determined on admission indicates the likelihood of survival of an AoCLF patient. The ALBI score is readily obtained by an easily accessible, non-invasive blood test and it is objectively evaluated. Further prospective studies are needed for a larger cohort of patients involving multiple centers to confirm the prognostic value of the ALBI score in AoCLF patients.

Abbreviations: ALBI = albumin-bilirubin score, ALT = alanine aminotransferase, AoCLF = acute-on-chronic liver failure, AUCs = areas under the curve, CHB = chronic hepatitis B, HBV = Hepatitis B virus, HCs = healthy controls, INR = International normalized ratio, MELD score = model for end-stage liver disease score, ROC = receiver operating characteristic.
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